Introduction
Lichen is a symbiotic association of a higher fun gus (mycobiont) and a photosynthetic partner (photobiont). Normally, in our zone the fungal symbiont is an ascomycete and the photosynthetic symbiont may be a eukaryotic green alga and/or a cyanobacterium. These organisms synthesize sev eral compounds (lichen substances) with an im portant role as antibiotic products.
In recent years, many investigations have been carried out on lichen substances and their antimi crobial properties. The great majority of these have been conducted on para-and raeta-depsides, depsidones, benzyl esters, dibenzofurans and phe nolic and aliphatic acids. In this line of research, we have already published work on antimicrobial activity and identification of lichen substances (Rowe et al., 1989; Rowe et al., 1991) .
Lichens synthesize the above-mentioned sub stances by a general process very similar to fatty acid synthesis, that is to say, by successive conden sations of acetate units. In the case of non-lichenized fungi, orsellinic acid undergoes a decar boxylation to orcinol starting from which the characteristic compounds of these fungi would be synthesized. In the case of lichens (lichenized fungi) (A rk ,1960), it is thought that an inhibitor of decarboxylase, synthesized by the photobiont, reaches the mycobiont where it produces its inhib itor effect: because the substances formed starting from orsellinic acid are characteristic and exclu sive, with few exceptions, in the lichen symbiosis. The formation of these cyclic substances with free -OH radicals, generally toxic for most living creatures, can be due to a response to external at tacks (Ahmadjian, 1967) ). We have also suggested that when the above-mentioned compounds are accumulated on mycobiont hyphae, this would in fluence the permeability of the algal cellular wall, allowing food transfer towards the fungi. How ever, the accepted idea in relation to these sub stances is based on their antimicrobial activity against G RA M + bacteria and other organisms, notably moulds and some viruses (Bustinza, 1951a (Bustinza, , 1951b . Usnic acid, the active compound of most of them, is used to treat dermatosis and infected burns. It was interesting for us to specify the spectrum of antibiotic activity in some lichens.
Materials and Methods

Plant material
Eleven lichen species have been studied because of either their abundance (Parmeliella plumbea, Coelocaulon aculeatum, Usnea rubicunda, Parmelia tinctina and Ochrolechia parella) or their taxonomic interest ( Pertusaria albescens, O chro lechia parella and Pertusaria pseudocorallina), or because cyanobacteria comprise the photobiont (Parmeliella plumbea, Nephroma laevigatum and Collema spp.), or as comparison material with other species whose genera were previously studied (Usnea rubicunda and Physconia venusta).
Most species have been collected in Cadiz prov ince some of them in the Sierra de Grazalema N at ural Park, surroundings whose climatic character istics have been described before (Rowe et al., 1989) . Others were collected in the Los Alcornocales Natural Park (with a similar climate, al though the average levels of edaphic humidity are higher), and the remainder were from a locality in Malaga province (near to both Parks so similar in climatic characteristics) or from Huelva province (in particular, those species from coastal sands of Donana National Park. On nitrophilous surfaces of acid rocks more or less exposed to sun and rainfall.
Pertusaria pseudocorallina (Liljeblad) Arnold Locality: Malaga, Cortes de la Frontera, La Sauceda (February 19, 1993) .
On slightly nitrophilous surfaces, more or less sloping, of acid rocks, with little or no exposure to the sun, but exposed to rainfall. Almost always facing north.
Extraction and identification o f lichen substances
The lichens (100 g) were powdered in a mortar and soaked overnight in acetone (10 ml) at 25 °C. The extracts were concentrated under reduced pressure, and 1 g of dry residue in each case was passed through a column packed with silica gel using /i-hexane,/7-hexane/ethyl ether (8:2, 5:5, 2:8 v/v),ethyl ether,ehtyl ether/acetone (8:2, 5:5, 2:8 v/ v) and acetone as eluants depending on the polar ity of the compounds.
The lichen substances were isolated by precipi tation or preparative thin layer chromatography.
The different compounds were identified by thin layer chromatography (T L C ) according to the standarized methods for lichen products (Culber son, 1970 (Culber son, , 1972 (Culber son, , 1974 (Culber son, , 1982 , spectroscopy tech niques U V (Perkin-Elm er Lambda 3 spectropho tom eter), mass spectra (Kratos MS 80 R FA using a direct inlet system at 70 eV.) and melting point (Microscope Therm ovar H T1B11 Reichert-Jung). (See Table I ).
Test o f antimicrobial activity
The qualitative antimicrobial assay of acetone extracts (1 mg dry residue/ml) was carried out by the disc-diffusion method (Bauer et al., 1966) .
The zones of growth inhibition around sterile discs of Whatman n ° 3 paper with a diameter of 5.5 mm were measured after 24 h of incubation at 37 °C. The discs contained increasing amounts of samples to be assayed (15, 25 and 50 |il).
All the tests were conducted in triplicate and average results have been recorded.
The test organisms were Bacillus megaterium (A TC C 33085), Bacillus cereus (ATCC 14579), Staphylococcus aureus (A TC C 25923), Escherichia
